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LATERALSTA131GITYANDCONTROLCHARACTERISTICSOFA
~G MODELHAVINGANUNSWEPTWING
W1’13EANSElWTRA!TIOOF2
ByMarionO.McKinney,Jr.,
EmMMARY
andRobertE. Shanks
TestshavebeenmadeintheLangleyfree-flighttunneltodetemnine
thelateralstabili@,control,andgeneralflyingcharacteristics”ofa
free-flyingmodelhavinganunsweptwingwithanaspectratioof2. The
testsweremadeata liftcoefficientof1.0andcovereda rangeof
geometricdihedralanglesfrom+0° to 20°anda rangeofvertical-tail
areasfkxnO to 15percent ofthewingarea.Theresultsofthesetests
werecompsredwiththepreviouslyreportedresultsofa similarseries
oftestsona conventionalmtielhavinga wingwithanaspectratio
Of 6.
Thegeneralflightbehaviwofthelow+spect+ratiomcxlelwasnot
sogoodasthatoftheconventionalmodelforcorrespondingvaluesof
staticdirectionalstabilimandeffectivedihedral.Theprimarycause
ofthedifferenceintheflightbehaviorofthemodelswastheadverse
yatingmomentsdueto ailerondeflectionwhich,aswouldbe expected
fromtheory,werecomiderablylargerforthelow-aspect-ratiomaiel
thanfortheconventionalmodel.
INTRODUCTION
In thetransonicandsupersonicspeedrange,low=pect-atio
unsweptwingsappearto offersomeoftheadvantagesof sweptwings,
‘psxticularlyasregsrdsdrag.In addition,lo~pect%atio unswept
wingsappeartohavebetterstaticstabilimcharacteristicsthan
sweptwingsinthehigh-lift-coefficientra geandmy offersome
structuraldvantageoversweptwings.Hence,a greatdealofinterest
hasbeenshownintheuseoflow-aspec&ratiounsweptwingsforhigh-
speedairplanes.
. . .—— -—————..—. -- .—.—- . _—— _ .
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An investigationhasthereforebeenconductedintheLangleyfree-
flightt~el toprovidesomekSiC information theeffectsofaspect
ratioonthelateralstabilimandcontrolcharacteristicsof airplanes
u
withunsweptwings.Flighttestsweremadewitha modelhavingan
unsweptwingwithanaspectratioof2. Allof theflighttestswere
madeata liftcoefficientof1.0andcovereda rangeofdihedralangles
from=20°to20°andverticaltailareasfromO to15percentofthewing
sxea.Sufficientcombinationsofdihedralangleandverticaltailarea
werecoveredto dete~e theeffectsofthesepzmmeteraonlateral
stabilityandcontrolcharacteristicsandgeneralflyingcharacteristics.
Theresultsoftheflighttestssrepresentedintheformofqualitative
ratingsoftheoscillatorystabilityandgeneralflightbehaviorofthe
modelforeachtestcondition.
Theresultsoftheflight estsofthismodelhavebeencompared
with.thosereportedinreference1 foramodelhavingenunsweptwing
withanaspectratioof6. A fewtestsweremadewitha mdel having
a deltawingwithanaspectratioof2 forcomparisonwiththemodel
with
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—
S-YMBOIS
Allforcesandmomntsarereferredto thestabilitysystemof
whichsreillustratedanddefinedinfigure1.
aspectratio ()%2/s
angleof sweeplackofquarter-chordline,degrees
taperratio(Tipchord/Rootchord)
weightofmodel,pounds
massofmodel,slugs
momentofinertiaofmodelaboutlongitudinalbodyaxis,
slug-feet2
momentofinertiaofmodela%outverticalbodyaxis, I
sl*feet2
radiusofgyrationofmodelaboutlongitudinalbody
axis,feet
radiusofgyrationofmodelaloutverticalbodyexis,feet
wingarea,squarefeet
,
.
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.
vertical-tailarea,“squwefeet
taillength,feet
* q~, feet
10Cd ~ chord,feet
locationofcenterofpressureofverticaltailabove
longitudinallmdyaxis,feet
atispeed,feetpersecond
-C
Routh*S
rolling
pressure,poundspersquarefoot ()
~ V2
2P
discriminant
aW@= velocim,radianspersecond
yawingangularTeloci@,radiansper
massdensityofair,slugspercubic
angleofattackoflongitudinalImdy
angleofyaw,degrees
angleofrollorbank,degrees
second
foot
axiszdegrees
ticlinationfprincipalongitudinalxisofinertia
toflightpath,de~ees
angleofclimb,degrees
angleof sideslip,degrees
geometricdihedralangleofmean-thicknessline,degrees
deflectionofrightaileron,degrees,positivefordownward
deflection
airplanerel.ative+ensi~factor(4+
rollfngmment,foot=pounds
pitchingmoment,foot=pounds
yawingmoment,foot=pounds
_ .-. .———_ —
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c~
Cn
%$
c%
c%
c2P
c2~
cI&
liftcoefficient(Lift/qS)
rolling+mnentcoefficientRdlingmoment/@b)
yawingamentcoefficient(Yawingmoment/qSb)
rateof changeofrollingacmentcoefficientwithangleof
sidesliperdegree
~aC2p~j
rateofchangeofyawing=momentcoefficientwithangleof
sideslipperdegree,exceptwhereothetisenoted @C#P)
rateofchangeofyawing—mmnt coefficientwithrolling-
angul~elocityfactor(W*)
rateofchangeofrol.lingacmmnt coefficienttithrolling-
@~elocitY factorp2P %)
rateofchangeofrollhgament coefficientwithyawi~
aqgdm=veloci~factor(~2P ~)
rateofchangeofyawing+ment coefficientwithyating–
angulex=veloci~factor &@*)
rateofchangeoflateral-forceoefficientwithangleof
sideslip,perradian( P)a% p .
APPARATUSANDMODEL
$’heinvestiga~ionwasconductedintheLangleyfree-flighttunnel,
whichisequippedfortestingfree-flying@oamicairplanemxiels.A
completedescriptionfthetunneland.itsoperationisgivenin
reference2.
Thecontrolusedonfree-flight-tunnelmodelsisa “flicker”
(full-onorfdl+ff) system.Duringanyoneflight hecontrol
.
deflectionsinthefull-onpositionareconstantandtheamountof
controlappliedtothemodelisregulatedby thelengthoftimethe
controlsreheldonratherthanby themagnitudeofthedeflections
used.
—— -— .–—.—
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Fivemodelsarediscussedinthepresentpaper.Therewerethree
geometricallydifferentmcdels:a modelhavingenunsweptwingwithan
aspectratioof2;a conventionalmodelhavinganunsweptwingwithan
aspectrationof6; anda delta+ingmodelhavinga 45° sweptbackwing
with an aspect ratio of 2. Theothertwomodelsconsistedinchanges
ofthemasscharacteristicsoftwoofthebasicmodels.Forthesakeof
shrplici~indiscussion,thethreegeometricallydifferentmodels
givenby thefollowingdesignations:
are
Wingplar+formc~acteristics
Designation
A (t&g) ~
Low-aslec&ratiom delI 2 I o I 0.5
Conventionalmodel I 6 I 2 I .5
Delta=wingmodel 2’ 45 .2
A three=viewdrawingofthelow-aspec-atiomodelisshownin
figure2. Theeffectivedihedralofthemdel wasvariedbychanging
thegeometricdihedralangleas indicatedinfigure2. Fivegeometrically
similarverticaltailswereusedwiththemodeltovarythedirectional
stability.Theqmdelhadtwointerchangeablefuselage”@omswhichpro-
videdforc-s intheyawingmmept of inertiaIz. Withtheshort
loom,whichdidnotextendforwardofthewing,themodelhada low
yawingmcmentof inertia.Whenthelongloomwasused,themodelhad
a relativelyhighyawingmomentof inertia.Themasscharacteristics
ofthemodelforthesetwoinertiaconfigurationsaregivenh tableI.
Theconventionalmodelhas‘beendescribedinreference1 which
reportstheresultsoffree-flighttestsofthismodel.A thre=iew
sketchofthemodelisgiveninfigure3, andthemasscharacteristics
aregivenintableI.
Thedelta~ modelwaEa taillessmodel,whichwaspreviously
testedinthefree-flighttunnel,witha boom=Qq?efuselageaddedto
providea placetoaddtheleadweightsnecessaryforadjustingits
momentsofinertiato correspondto thoseofthelow+spec~atiomodel.
A three+iewsketchofthedelta+dng
masscharacteristicsofthemodelsre
themodelwereof thetypefrequently
movedup ordowntogetherto serveas
differentiallyto serveasailerons.
on thismodel.
modelisgiveninfigure4 andthe
givenintableI. Thecontrolsof
calledelevens;thatis,they
elevatorsandmovedup anddown
Nomovablerudderwasprovided
—---- . . . ..——— ...—
.—.- - —c—.
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Ylighttestsofthelow=aspec+ratio-m delweremadewitheachof
thefiveverticaltailsfordihedralemglesof+0°, –10°,0°,10°,
and200. Alloftheseflighttestsweremadeat a liftcoefficient
of1.O. Thevaluesof Clp and ~ correspondingto eachofthe
dihedralandvertical-tail”combinationsareshowninfigure5. The
valuesofthesestabilibderivativesweredetemninedfrm forcetests
at+0 and5° yawforthehigh-inertiamodel.Forcetestsofthelow-
inertiamodelforseveralconfigurationsshowedno appreciabledifference
betweenthevaluesof CZ8 and C% forthetwomodels,sothatthe
valuesofthederivatives”wereconsideredtole thesameforbothmodels
forallthecombinationsofdihedralangleandvertical-tailarea.All
oftheforcetestsweremadeat a dynamicpressureof1.9 poundsper
squarefootwhichcorrespondedfairlycloselytothatoftheflighttests.
Thedelta+zl.ngmodelwasflownata liftcoefficientofabout0.8
at eachofthetwoloadingconditionsandforceteatsofthemodelwere
madetodeterminethevaluesofthestaticstalilityderivativesc%
and CZP.
we modelswereflownat eachtestconditionbymeansof ailerons
aloneand.aileronscoupledwithrudder.Therudderdeflectionsu ed
wereselectedbyvisualobservationf flighttestsastheamount
necessw to~Ze theadverseyawingdueto ailerondeflectionand
rollingexceptinthecasewheretheverticaltailwastoosmallto
counteracttheadverseyawing.Thesta%ili~andgeneralflyingcharac–
teristicsofthemodelwerenotedby thepilotfromvisualobservation
andeachtestconditionwasassignedgraduatedratfngsforoscillatory
stability,lateralcontrol,andgeneralflight%ehsvior.Thecriterions
forjudgingthesecharacteristicsandtheratingsystemusedaregiven
intablelZ.
Theoscillatorstalilitycharacteristicswerejudgedhy thepilot
fromthedampingofthelateral.oscillationsaftera disturbance.
Thelateralcontiolcharacteristicswerejudgedby thepilotfrom
theresponseofthemodelinrollto applicationfthelateralcontrols.
Thegeneralflight+ehaviorratingsarebasedontheover-allflying
characteristicsofthemodel.Theratingsindicatetheeasewithwhich
themodelcanbe flown,bothforstraightandlevelflightandforper-
formanceofthemildmaneuverpossibleinthefree-flighttunnel.In
effect,then,thegeneralflight+behaviorratingsaremuchthesameas
thepilot’sopinionor“feel”ofan airplane.
—
— .—- — —. ———.— . ___ ._ _
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Calculationswere
detemninetheboundary
MGCUWECONS
madeby themethodpresentedinreference3 to
for neutral stabiliti of the lateral oscillations
(R= O) ofthelow&pec_&ratiotiels. tiemasscharacteristicsused
inthecalculationsaregivenintableI andtheaerodynamicparameters
usedinthecalculationsaregivenintableIII. Theparameter~
P(tail)
wasvariedsystematicallyas theindependentveriabletoprovidethe
desiredrangeof
c% fordeterminationfthestabilityboundaries
RESULTS ANDDISCUSSION
In ordertomakethequalitativer sultsofthepresentinvesti–
gationeasierto interpret,heresultsobtainedwiththelowqect-
ratiomodelhavebeencompsredwiththeresultsofa similarseriesof
tests(reportedinreference1) ontheconventionalmodelwhichhadan
unsweptwingwithanaspectratioof6.Someoftheresultsfrom
reference1 arepresentedhereibtofacilitatea comparison.some
additionalflightsweremadewiththeconventionalm~el duringthe
presentseriesofteststo insurethatthequalitativeflightratings
forthetwomodelswouldbe directlycomparable.
Theresultsofthetwoseriesoftestsarecomperedintermsof
theconventionalstabilityderivativesC% ~ C2B. me valuesof
thesederivatives,however,arerelatedto”theaspec~ratiosinceCn
and Cz arebasedontheproductofthewingareaandspan.Thusfor
equalwingareaswiththeseinevelueofyawingmomentandrollingmoment
forthetwomodelsthevaluesofthecoefficientsCn and Cz are1.73
timesu greatforthelow-aspec+ratiom delasforthehigh~spect–
ratiomodel.h orderto eliminatethiseffectofaspectratioonthe
stabilityderivativesfrcmthecompuison,theresultsofthetwoseries
oftestshavealsobeencomparedonthebasisofnondimensionalstability
derivativesbasedonthethree+halvespowerofthearea
)
(Cw &
end.c2p&
OscillatorStablli@
Theoscild.atoq’stabilitycher,acteristicsofthelow+myect-.ratio
modelsarepresentedinfigure6,whichshowsthequalitativeoscillatory
.
—.——.-.._—.— —.— —. . .=._.—
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stahili~ratingsaafunctionsoftheeffective-dihedralparameterc~P
anddirectional-stabili~ pa&meter C% forthetwomoment-f-inertia
conditions.
An increaseintheeffectivedihetialora decreaeein the
directionalsta%ili@cauaeda reductionintheoscillatorystability
aswouldle expectedfrompreviousexperimentalndtheoreticalstudies.
An increaseinthemanentsof inertiafrm thelow-inertiatohigh-
inertiaconfigurationwasfoundto causea slightdecreaseinthesta-
bilityofthelateraloscillation.Thisresultisillustratedin
figwe 6whichshcwsa slightlylarger angeof sta%le(Arating)comhi–
nations”ofc1 andP % forthelow-inertiaconfiguration.
Wsmuch asthemodelwasstilleinalloftheconfiguration
coveredintheflighttests,no directcomparisonoftheexperimental
resultsendthecalculatedstabilityboundaries= howninfigure6,
couldbe obtained. The experimentaldata, however,are in qualitative
agreementwiththeresultsindicatedbythecalculatedstability
%ounderieswhichshowa largerangeof combinationsof c1
P
and C
%
forstabili~forthelow-inertiaconfiguration.
lhasmuchastheoscillatorystabiliboftheconventionalmcdel
(A= 6).was judgedon a somewhatdifferent basis fromthat used in the
investigation of the present model(A= 2),itwasnotpossibleto compere .
directlytheoscillato~stabili@characteristicsofthetwomodels.At
a givendistancefromthecalculatedstabilityboundaryintermsof C%l-.
and Clp orintermsof
oscillato~stabilityof
thatoftheconventional
Thelaterelcontrol
thelow-aspec~ati6modelswasnotsogoodas
mcdel.
LateralControl
characteristicsofthel~spect+atio and
conventionalmodelswe given in figures 7 and8, whichshowtidequali-
tative lateral-control ratings as functions of the effective-dihedral
paremeter c2p anddirectional+ta%ili~psmmeter C9 “ Thecontrol
ratingsforthecaseofcoupledaileronsandrudderereshownin
figure7, endthe control ratings for thecaseof control by ailerons
alone are shuwnin figure 8. The lateral control characteristics of
the conventionalmodel(A= 6)werenotpresentedinreference1 and
wereespeciallypreparedforthepresentpaperfromthepilot’scomnents
recordeduringthetestsofthatmodel.
-——.- .—
NACATNNO.1658 9
Whenaileromandrudderwere coupledfor laterel control (fig. 7),
the lateral. control characteristics of the low~epec%ratio andcon-
ventional modelswere aboutequally good if the directional sta%ility
washigh. Whenthe directional stability waslow, however,the lateral
control characteristics of the luw-aspect-ratiomodelswerepoorer than
those of the conventionalmodel.
Forthecaseofcontrolwithcouyledaileronsandrudder,thepoor
controlcharacteristicsofthelow-aspectiratiomodelswithlowdirectional
stabilitymaybe attributedtothehighadverseyawingmmentsdueto
ailerondeflectionandtherelativelylargepartofthedirectionalsta–
bilityprovidedby thewingata liftcoefficientof1.0. Becauseof the
relativelyhighdirectionalstabilityofthewing,thevertical-tailarea
requiredtoobtaina givenamountofdirectionalstabilitywassmaller
forthelow-aspectiatiom delsthanfortheconventionalmodeland
thereforetheyawingmomentswhichcouldbe providedhy therudderwere
likewisesmallerforthelow-aspec%ratiom dels.Thesmallyawing
momentsavailablefrcmtherudderwhencomlinedwiththehighadverse
yarningmomentsduetoailerondeflectionmadeitdifficultto counteract
theadverseyawingbymeansoftherudder.
Thehid adverseyatingmomentsoftheaileronsreillustratedin
figure 9, whichshowsthe results of force tests madeto detemninethe
rolling andyawingmomentsoftheaileronsforthelow-aspec%ratioand
conventionalmodels.Thesehighadverseyawingmmentsforthelqw--
aspectiatiomodelme inreasonelilygoodagreementwithextrapolations.
ofthetheoreticaldatapresentedinreference4. Bothofthemodels
wereflownwith30°totalailerontravel(*1~0)whichgavesatisfactory
rollingveloci~forrollswithnoyawing(msximumXX 0.10 forboth
models).Forthiscasetheaileronsofthelo~spect+ratiomodelproduced
aloutttieetimesasmuchya~~nt coefficientasdidthoseofthe
conventionalmodel.No ruddereffectivenessdatawereobtainedwiththe
low-aspect-ratiomodelsbutanestimateoftherudderyawingmomentwas
made. 5s eslxbnateindicatedthattheyawingmomentduetomexlmum
(
St
)rudderdeflectionforthesmallestverticaltail ~ . 0.02S was
slightly less thanthe adverseyawingmomentproducedby the-ailerons.
Thus, it is apparentthat the lateral control characteristics of the
low-aspecfiracio mmielwouldbe poor with the smallest vertical tail,
especially whenthe effective dihedral wasrelatively high becausethe
rudderwouldnot be a%leto prevent adverseyawingwhichwouldcausea
reduction in the rolling effectiveness of the ailerons.
Whenonlytheaileronswereusedforlateralcontrol(fig.8) the
low-aspect+ratiomodelshadless satisfactory lateral control character-
istics thanthe conventionalmodel. This difference in the lateral
control characteristics of the conventionalandlow-aspect-ratio models
wasapparentlycausedentirely ly the adverseyawingmomentsdueto
aileron deflection, whichwere greater for the low+mpect-ratio models.
—-- -. .— _ . . . . .
——.- —— .—
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Thus,with a given amountofdirectionalstahiliti,theadverseyawing
momentsdueto ailerondeflectioncausedthelow-aspec%ratiom delsto
yawtolager anglesthantheconventionalmodel.Hence,thesameamount
ofeffectivedihedralcausedmoreseriousadverserollingmomentsto
opposethosedueto theaileronsforthelow-aspect-ratiommielsthan
fortheconventionalmodel.
Thelow-aspect+ratiomodelscouldle controlledfairlywellwiththe
rudderalonewhenthevalueof -CZp exceeded0.002.Whenthevalue
of -C2B wa3lessthan0.002butgreaterthanzero,itwaspossi%leto
pick .UPa wfngly meensof rudderalone slthoughthe control by rudder
‘done%s not-satisfactoryfora primarycontr;l.
sameaswasobtatied-fortheconventionalmodel.
Veryingthe
controloverthe
models.
Thegeneral
mment of inertiahadveryllttle
rangecoveredinthetestsofthe
GeneralFlightBehavior
Thisresultisthe
effectonlateril
twolow-aspect-ratio
fligh=ehavioratingsassignedlythepilotduringthe
.
testsarepresentedinfigures10 and11 alongwithsimilardataforthe
conventionalmodeltakenfromreference1. Thegeneral.flight+ehavior
ratingsrelelievedtdbe themostimportantresultsobtainedfromthetests .
inasmuchastheysrean indicationoftheover-allflyingqualitiesof the
model.Theresultspresentedinfigures10 and11arethereforesummarizedin
somewhatsimplerfozminfigures12 and13formoreconvenientuse.
Thegenerslflightbehaviorofthelow+aspectiatiom delswasnot
sogoodasthatoftheconventionalmodelwhencomparedonthelssis
causeofthelesssatisfactoryflight%ehaviorofthelow-aspect-ratio
modelswasthepresenceofthelsrgeadverseyawingmmnentsproducedby
ailerondeflection.Theselargeadverseyawingmomentsaffectedthe
flightbehswiorindifferentwaysdependinguponthevaluesof Cnp
and C2P. As previouslyexplained,theselargeadverseyawingmcments
causedtheadverseffectsof 5ncreasingdihedrslonlateralcontrol
tobemorepronouncedontheluw=aspect-ratiomodelforailero=one
control.Witha givenamountofdirectionalstabili~(intermsof
eitherC or C
%
~~ thelow-aapect-atiomcdelyawedtolez*ger
anglesthantheconventionalmodelas a resultoftheailerondeflection.
Theselsrgeyawingmotionswereobjectionableinthemselvesevenwhen
theeffectivedihedralwaslowandno appreciableadverserollingmoments
occmxred.Thelergeadverseaileronyam’ingmomentslsorequiredtheuse
.
—-
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ofa lergertailonthelo~qeclkratiomodelthanontheconventional
modeltoyroducenoughrudderyawingmomentto counteracttheaileron
yaid.ngmoment.Anothereasonthatthegeneralflightbehaviorofthe
low-aspect-ratiomodelwasnotsogoodasthatoftheconventionalmodel
wasthat,witha givenamountofdirectionalstability,itdeveloped
lerge~litude yawingmotionsaEa resultofgustor controldisturb-
ancesandtheseyam motionswereharderto stopevenwhentherudder
andaileronswerebothusedforcontrol.
Witha givenamountofdirectionalstahili~and.effectivedihedral
thegeneralflightlehaviorof the low=aspect%atiom delsappearedto
be lesssatisfactorythanthato-fdelta+dngmodelsofthesameaspect
ratiowhichwerepreviouslytestedintheLangleyfree-flighttunnel.
TheaeroQmamicstalili~derivativesofthetwomodelsappearedtobe
similarexcept hatunpublisheddataindicatedthattheyawingmoment
(duetorollingas Nicated.by thestabilityderivativec%) -
unfavorableforthelow+wpec~atiomdels andfavorablefo~delta-wing
models.Theonlyotherapparentdifferenceb tweenthesemodelswasin
themasscharacteristics.A fewflighttestswerethereforemadewitha
d.elta+wingmodelhavingitsmomentsofinertiaincreasedtoa%outthe
samevsluesasthoseofthelow~pect-atiomodels.Fromthesetests
itwaspossibleto showtheeffectofthestabilityderivative
c% ‘n
theflightbehavioratveluesof % and.CZBof about0.0020-
and-0.0024,respectively.Thedelta~modbl didnothavea rudder,
andthefollowingcomparisonisforthecaseof controlbymeansof
aileronslone:
4
Model
‘z Configuration Generalflight+ehaviorrating
{
. .
Low Iowaspectratio PoorDeltawing Fair
High {
Lowaspectratio Flightimpossible
Deltawing Poor
It isevidentfromthesedatathatthegeneralflightlehaviorofthe
low-aspec+ratiom delwaslesssatisfactorythanthat~f thedelta+wing
modelforthesamevaluesof C
%
and c~ whenonlytheaileronswere
P
usedfor control.Favorableyawingduetorollingisevidentlya desira-
blefeature.
~creasingthemomentsofinertiaofthelow-aspect-ratiomdels
causedthegeneralflightbehaviortolecomeslightlylesssatisfactory
whenloththeaileronsand,rpdderwereusedforlateralcontrol.Wlen
—..— __—.- -—. . . —
.—_..—
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the ailerons alone wereusedforcontroltherewaEvirtuallyno effectof
increasingthemomentsof inertiawhbntheeffectivedihedralwashigh,
inw~ch caaetheeffectofadverseyawingon lateralcontroldetemnined
thegeneralflightbehavior.Whentheeffectivedihedralwaslow,however,
themodelwiththehighermomentsof inertiarequireda considerablyinger
valueof C% to%0 flyable.Thischaracteristicwascaused%y thelsrge-
smplitudelo&eriod yawingoscillationswhichdevelopedwhenthe
directionalstalilitywaslow. Theseyawingoscillationscouldnotbe
stoppedhy useoftheaileronsalonebecausetheadverseyawingmoments
oftheaileronsreinforcedtheyawingmotion.
In order to obtain goodgeneral flight behaviorwith the low-aspect-
ratio modOlsat a lift coefficient of 1.0 the Present tests indicate
that the
(1)
(2)
following conditionsshouldbe satisfied:
The directional stability perameter
C9 shouldbe greater
than0.006.
Theratio -CZ~/C% should.belessthanl/3.
TheArrw,Na~, andNACAflying-qualitiesr quirementsandthedataof
reference1 indicatethata thirdconditionwhichshouldalsobe satis-
fiedisthattheeffective+ihedralparametershouldbepositive(42ZB> o).
Thedataontheeffectofliftcoefficientinreference1 indiate.that,if
theliftcoefficientislessthan1.0,anyconfigurationwhichsatisfied
theseconditionswouldhavegoodflightbehavior.If theliftcoefficient
weregreaterthan1.0,howev6r,a somehwathighervalueof % andaslightlylowervalueoftheratio<2
I“i3c43 wouldbe requiredforgood
generelflightbehavior.
CONCLUSIONS
TestsweremadeintheLangleyfree-flighttunneltodeteminethe
lateralstabili~,control,andgeneralflyingcharacteristicsofa free–
flyingmodelhavingawingwithanaspectratioof2. TheteQts’covered
a rangeofvsluesofgeometricdihedralangleandvertical-tailsreaand
theresultswereccmpsredwiththoseof a similarseriesof testsona
conventionalmodelhavinga wingwithanaspectratioof6, Thefollowing
conclusionsweredrawninthisinvestigation:
1.Thegeneralflightbehaviorofthelow-aspect-ratiomodelwas
notsogoodaathatoftheconventionalmodelforcorrespondingvaluesof
staticdirectionalstabili~andeffectivedihedral.
MCAm NO.1658
d.Themain
ratiomodelswas
reasonthatthefli&t
notsogood* thatof
13
behavim of the low+qect-
the conventionalmodelwasthat
the ailerons of the low-&pect-ratiom delproducedverylargeadverse
yawingmomentaswouldhe expectedfromtheory.Theselargeadverse
yawingmomentscausedthefolluwingeffects:
(a)Theunfavorableeffectofincreasingtheeffectivedihedral
onthelateralcontroltobemorepronouncedonthelow-
aspect-ratiom delthanontheconventionalmodel
(3)Lsrge+mplitude,lo~eriod yawingoscillatio~‘(whenthe
directionalstabilitiwaslow)whichcculdriotbe stopped
hy useoftheallero&alone
(c)A largerverticaltailtole required
rudderyawingmomentto counteract
yawingmoment
—
toprovide sufficient
the adverseaileron
3. h order to obtain the best flying characteristics at a lift
coefficient of 1.0 the folMwing conditions shouldbe satisfied:
(a)
(b)
(c)
Theeffective+ihedralparametershouldbe positive(<tp > o).
The directional-stabili~ parameter C
%
shouldbe ~eater’
than0.006.
4%Theratio 42 C shouldbe lessthan1/3. Forlift
coefficientsabove1.0theminimumvelueof C%
would
%e somewhatgreaterandthemsximumvalwofthe
ratiO _C@ic~ wouldbe slightlysmaller.
LangleyMemorialAeronauticalLaboratoq
NationalAdvisoqCammitteeforAeronautics
Ia@ey Field,Vs.,April19,1948
— ——— ..-— -——— — .—
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c I Tfenbml
I
A
B Fair
c I Poor
D I Reversed.
A
B
c“
D
—
Qualitative
rating
Good
Fair
Poor
Flight
impossible
TA131EII
QUAHTMWE~~
cbc~~ Stabili@
Apprarimatequantitativeequivalent
Oscillationdampscompletelyinlesethan3cycles
Oscillationdampscompletelyinmorethan3 cycles
Zerodamping
LateralControl
1
Approximateqmnt’itatlveewlvelent
RollsInpropr&lrecttonwithlittledecrease
in pb/Z?Tafter~ isreached
Rol.lEIinproper~ction butpb/2Vfallsoff
considerablyftermaximumisreached
RollsinproperUrectioninitiallybut pb/2T
approacheszeroor reverses later
/
General Flight Behavior
Approxlmateequivalentasrem fW-W ~tiltfes
Satisfactoryflyingwalltles
FIYlngqualitiesappearmm
shouldberelativelysefe
m:al.lties unsatlsfaOtOm;
although&lrpl@e
*lane mightbe
Flyingqualitiesdef~te~ unsatisfactq;sustaimxl
flightswit@mcd.dexenotpossible
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TABLEICI
AERoDmAMIcPARM@ZEM OFMODELUSEDINCALCUIWTONS
[ 1B is meamredin radians
Parameter Value
q, deg 20
7,deg – 15
% 1.00
.
0.138+ ~qttil)%p —
c%
0.043–0.865~
@(tail)
cl -0.150P
c%
_o.025+ ‘ow%qttil)
‘0”w4(cy%@)3’2
c~r o.2W+‘*W ‘p(tail) + o.224&,(td,1)3/2
C4
–0.080 +1.498 q
~(tail)
.
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Figure l.-The stability system of axes; arrows indicate positive
direction of momentsandforces. This system of axes is defined
as ~ orthogonalsystem having their origin at the center of gravi~
andin which the Z-~ is in the plane of symmetry andperpen-
dicular to the relative wind, the X-axis is in the plane of sy-etry
andperpendicular to tie Z-axis, andthe Y-axis is perpendicular to
. the plme of symmetry.
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2.-Three-view sketch of the low-aspect-ratio
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model. A = 2.
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3.-Three-view sketch of the conventionalmodel. A = 6.
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Figure4.-Three-view sketch of the delta wing model. A = 2.
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F@.re 5.-Values of static directional stability andeffective tied.ral
derivatives corresponding to various combinationsof dihedral angle
andvertical-tail area.
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Figure6.- Osc~torY stabili~characterfiticsofthelow-aspect-ratiomodel.
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Figure70- Lateral-controlatingsforcontrolwithaileronsandrudder. ‘d
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Figure8.- Lateral-controlratingsfor control with ajlerons alone.
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Figure9.- Mleron effectiveness for ~econventiona.1and
low-aspect-ratio models.
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Figure 11.- General flight-behavior ratings for control with ailerons alone. u0)
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Figure12.- Summary ofthegeneralflightbehaviorofthemodelspresentedasfunctionsof
theconventionalstaticstabUityderivatives.
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Figure13.- &unmary oftiegeneralflightbehaviorofthemodelspresentedasfunctionsof P$
staticstabilityderivativeswhicharenotaffectedby aspectratio.
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